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Abstract

This study investigated the transport of citratd aolyvinylpyrrolidone (PVP) capped silver nanopaes in
water saturated sand column. Silver nanoparticleseveynthesized using Tollens’ method and coatdld wi
sodium citrate and PVP. Characterization particde and zeta potential of silver nanoparticles e@sducted

by dynamic light scattering and zetasizer. Transpbsilver nanoparticles was determined using @R-MS.
The result of this study shows that PVP coatedesilwanoparticles is more stable than citrate coated
nanoparticles. The retention of silver nanoparsiégtethe sand packed column ranged from 25-99%gesiing
they are quite mobile in the porous media. lonfergjth plays an important role in the nanoparticd@sport.
High ionic strength influent water can result iniacrease of nanoparticle retention.

Keywords:. silver nanopatrticles, Tollens’ method, water satienl sand column, silver nanoparticle retention.

I ntroduction

Silver nanoparticles (AgNP) have been widely agplie household and industries [1-3]. It was repbitteat
commercial products containing AgNPs accounts forarthan 23% of all nanotechnology based commercial
products worldwide [3,4]. Numerous commercial aggtibns of AgNP are attributed to their antimicedbi
properties [5-8]. AgNP can be synthesized usindehsl method, which reduces ionic silver into thengental
form using reducing agents such as mono- or dielsaaes. The particle sizes of synthesized AgNRea
from 10-200 nm depending on the strength of theiced) agents [9]. Due to the wide applications, RgN
became a potential environmental risk to envirortalewater systems and soil [3-5]. For example,asteof
AgNP can harm the naturally occurring microorgarsigtue to their antimicrobial properties [4]. Theref it is
important to understand the environmental transpbrtAgNP. A small number of recent studies have
investigated the fate and transport of nanopastitieenvironmental water systems. For example, ghedral.
have studied the changes of physicochemical priegart AgNPs in different water chemistry condisd3,4].
Chinnapongse et al. and Zhang et al. have focusezkplaining how different natural water conditiccwuld
influence the mobility of AgNP [3-5]. However, trgport of AGQNPs in the porous media was rarely sulldis

a matter of fact, transport of AgNPs in the poroosdia can lead to an improved understanding of thei
potential environmental risk in soil and sediments.

Recent studies have only reported the transpattfaie of different nanoparticles in water satutate
media such as Ti{hanopatrticles. Up to 90% nanoparticle recoveryfbasd. It was reported that the transport
of TiO, nanoparticles is related to the particle sizeasfaparticles [5].

This study bridged the gap in understanding tlaasport and fate of AgNP in porous media. It
investigated the effect of ionic strength on tlemgport of AgQNP in water saturated sand column.abvyia light
scattering (DLS) and zetasizing technigues werd tseharacterize AgNP in terms of particle sizd anrface
charges. ICP-MS was used to determine the contemaf effluent AQNP concentration. This study iopes

231



J. Mater. Environ. Sci. 5 (1) (2014) 231-236 Zhang and Zhang
ISSN : 2028-2508
CODEN: JMESCN

the understanding of AgNP transport in soil andireedts. It can be used as important reference Her t
environmental risk assessment of AgNP releaseturaleenvironment.

2. Materials and methods
2.1. nAg synthesis
AgNP was synthesized using Tollens method. Theeamnations of the reactants were 1%\, 1x10° M and
5x10°% M for AgNOs;, maltose and ammonia, respectively [3,4]. pH valuthe reaction system was adjusted to
11.5 using NaOH. Then, sodium citrate and PVP vaaead separately as capping agent. Sodium citrate a
PVP was used in this study because they are wigkdyl by other scientist, which allows us to comphee
experimental results [4]. The AgNP cleaning prodediews the previous published procedure. In bribk
obtained AgNP were cleaned with deionized (DI) watging a 10 kDa molecular weight cut-off (NMWCO)
ultrafiltration membrane (Millipore, Model 8200; NMCO: 10,000). DLS was used to measure the particle
size of AgNP using ZEN 3600 zetasizer manufactbget¥alvern.&-potential of nAg was determined at %5
Influent and effluent concentration of nAg was mead as total Ag by dissolving nAg in 2% nitric d@nd
measured by ICP-MS (X series, Thermo ElementalMTEansmission electron microscope) images ohttr
and PVP coated AgNP were obtained using a JEOL ZHD.
2.2 Transport of AgNP in water saturated sand column
DI water was used to measure the effect of diffemmcentration on the transport of AQNP (10 mgit)
porous media. The porosity of the sand in glassmnlranges from 30% to 30.9%. To study the efféabruic
strength, MgS@was added to adjust ionic strength from 1 to 160. m

A glass column (15x1 cm inner diameter) with Teflend fittings was used. Sand was incrementally
packed in the column and the porosity was measgr@dmetrically. The packed column was rinsed vidth
water 5 times and then passed with the preparedPAgutions with different dilutions. Influent aedfluent
AgNP concentration was measured. To measure thetaff different ionic strength on the transporiagiNP,
AgNP suspension at a selected ionic strength wapaped and its particle size and surface charges we
measured using DLS and zetasizer. The AgNP coratenmtrin the influent and effluent was determined
according to the above-mentioned procedures.

3. Resultsand discussion

3.1 Characterization of citrate and PVP coated AgNP

TEM images of citrate and PVP coated AgNP wereiobth The TEM images showed that AQNP were near
spherical-shaped. The average particle sizes weBahd 18.2 for citrate and PVP coated AgNP, respy.

The obtained results were in consistent with ogitiedies that indicate the particle size of citeatd PVP coated
AgNP were below 20 nm [4,5]

iue 1. TEM imgs of cire and PV coated gN v
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3.2 Characterization of AgNP in different ionic strength

To simulate the potential fate of AgNP in differeveiter conditions, particle size of AQNP was meadursing
dynamic light scattering technique. Stability of Mg was measured in terms of zeta potential usefasizer.
Shown in Fig. 2 and Fig. 3, increasing ionic sttbngan decrease the stability of AgNP. Li et aD1@)
indicated that aggregation rate of nanosilver withmapping agent in both monovalent and divaleetteblyte
solutions increased with increasing ionic stren@h Similarly results were observed by Huynh &@ien
(2011) [10]. The observation was in consistent wiité Derjaguin-Landau-Verwey-Overbeek (DLVO) theory
which indicates that the surface charge of AgNP lmameutralized by the introduced cations presemidter
that can reduce the repulsive energy barriers letwanoparticles [10]. The figures also show thé&® oated
AgNP is more stable than citrate coated AgNP, wischainly due to the adsorption mechanism of the t
types of stabilizers. Citrate can coat on AgNP lpcteostatic attraction [10-12]. However, incregsionic
strength can effectively remove the adsorbed eittat neutralizing the charges of citrate [10-12h e
contrary, PVP, a neutral organic stabilizer, carcb&ted on AgNP surface by regular adsorption, vigsdess
sensitive to the surface charge screening procégsesic strength than citrate. Meanwhile, PVP gdroduce
steric repulsion between nanopatrticles, which ispattributed by the repulsion force generatedhmsy steric
configurations of PVP molecules [13-16].

Il Citrate coated AgNP
1 Il Citrate coated AgNP ; B P\/P coated AgNP
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Figure 2. Particle size of AgNP in differentionic ~ Figure 3. Zeta potential of AQNP in different ionic
strength. strength.

3.3 Transport of AgNP in water saturated sand column

Shown in Fig. 4 and Fig. 5, the percentages of AgéiEntion in the sand column range from 25% to 99%
lonic strength posed a strong effect on AgNP trarighrough the sand column. Our result can beatéxet by
the increase in the particle size of AgNP. Thiseobation is comparable to previous results for othipes of
nanoparticles and colloids [14-23]. Size exclus®ithe main mechanism proposed to explain the tieteof
AgNP. Larger particles are more likely to be reggirin porous media [12, 13]. In our case, highda@tiength
can produce large AgNP aggregates [14-19]. Thigltrés consistent with the size exclusion theorpwéver,
ionic strength can also assist with the bindingAgNP onto sand material. As indicated in previouslies,
sand material exhibits negative surface chargechwis the same as AgNP. As high ionic strengthregiice
the surface charge of AgNP, it enhances the inierabetween AgNP and the sand material [20-23ltang

in higher attachment efficiency. Our results alsdicated that retention of PVP coated AgNP is ntbemn
citrate coated AgNP. This is because particle sfzBVP coated nanoparticles is less sensitive emgés in
ionic strength. The recovery of citrate and PVPtedaAgNP was listed in Table 1. The recovery raténi
comparable with previous published results [20-P3jticle size of citrate and PVP coated AgNP endffluent
was measured using DLS technique. After reactirt WigSQ, and the adsorption process, large particles can
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be adsorbed or retained within the sand media bptisa and size exclusion process, leaving smaller
nanoparticles released from the sand column. Figdigated that particle size of AgNP in the effitevere
smaller compared with the Mg@@reated AgNP. This indication was the first stadiét is of important
significance to elucidate the transport proces&ghP in environmental porous media.

Table 1. Recovery of AgNP in different lonic strength

Stabilizers lonic strength (mM) Recovery (%)
Citrate 0 25.2
10 49.2
100 98.2
PVP 0 25.1
10 40.2
100 97.8
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Figure 4. Transport of citrate coated AgNP in water satuta@nd media using different ionic strength.
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Figure5. Transport of PVP coated AgNP in water saturated saedia using different ion&trength.

234



J. Mater. Environ. Sci. 5 (1) (2014) 231-236 Zhang and Zhang
ISSN : 2028-2508
CODEN: JMESCN

280

260

240

220

200

180

Particle size (nm)

160

140

120
Citrate-AgNP PVP-AgNP

Figure 6. Particle size of citrate and PVP coated AgNmhaeffluent (100 mM 1S)

Figure 7. TEM image of citrate and PVP coated AgNP obtaimethfthe effluent (100 mM IS, black line: 200 nm)

Conclusion

In this study, citrate and PVP coated AgNP wash®sized using Tollens method. DLS and zeta polemtia
used as two important parameters to characteriZ¢éPAgur result indicates that PVP coated AgNP isemo
stable than citrate coated AgNPs. Transport of AghdR determined by comparing influent and efflubghP
concentration. Our result suggests that increasinig strength can increase nanoparticle reterdiom to the
aggregation of AgNP in high ionic strength. It iscafound that less PVP stabilized AgNP was rethiime
comparison with citrate coated AgNPs. Finally, therticle size of citrate and PVP coated AgNP were
measured and the TEM images were obtained. Thidy stlucidated the transport of AgNP coated with
different coatings. The obtained results can beeseas reference for the risk assessment of Agifage in
natural porous media.
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